Demonstration of methylmalonyl-CoA mutase in P. ruber From the results described above, we presumed the presence of methylmalonyl -CoA mutase in P. ruber. Table 1 shows that the disappearance of methylamonyl -CoA is dependent on the presence of adenosyl-B12. Methylmalonyl-CoA used in this experiment was a compound synthesized chemically and a racemic mixture. From this viewpoint, methylmalonyl-CoA was converted almost quantitatively to succinyl-CoA during the period of incubation. In the absence of adenosyl-B12, the amount of methylmalonyl-CoA which disappeared was markedly decreased. To confirm further the presence of methylmalonyl-CoA mutase, the enzymatic reaction products formed from 14C-labeled methylmalonyl-CoA were examined by paper chromatography. The chromatogram shown in Fig. 5 indicates that the radioactive compound is clearly detected at the same position as the authentic succinic acid. Furthermore, a small amount of another radioactive compound appeared behind the solvent front, and its Rf value coincided with that of fumaric acid, although not shown in the figure. Relationship of methylmalonyl-CoA mutase activity to the growth phase or to the growth substrates Figure 6 shows the growth of P. ruber and the specific activity of methylamonyl-CoA mutase. Although its specific activity was slightly lower at the earlier logarithmic growth phase, it remained approximately constant in the range of 110 to 140nmoles/min/mg of protein during the period of cultivation. On the other hand, P. ruber is a facultative methylotroph, which can grown even on non-C1 compounds as a sole carbon and energy source, and produce vitamin B12. When P. a Cells were grown on each compound as a sole carbon and energy source and harvested at the middle logarithmic phase. b The conditions of enzyme reaction were as described in the text except that 0 .3 to 0.4mg of protein was used and the period of incubation was 5min, according to reference (6).
ruber was grown on the substrates as indicated, the activity of the mutase was detected in all cases ( Table 2) .
Incorporation of 14CO2 into succinate
For a better understanding of the role of methylmalonyl-CoA mutase in P. ruber, the precursor of methylmalonyl-CoA was investigated. Table 3 shows that the cell-free extracts of P. ruber catalyzed the 14CO2-fixation reaction with propionyl -CoA as a reactant to produce succinyl-CoA. In the absence of adenosyl-B12 or propionyl-CoA, the incorporation of 14CO2 was reduced, although a little radioactivity was observed owing to the endogenous compound. Even in the presence of biotin, the radioactivity did not increase dramatically beyond its level detected in the complete reaction system. 
DISCUSSION
In the previous paper (3), we showed that a methanol-utilizing bacterium, P. ruber, could produce a large amount of vitamin B12 in the two different forms, i.e., methyl-B12 and adenosyl-B12. The results concerning the effect of cobalt ion or cyano-B12 on the growth of P. ruber indicate that these two B12 compounds are essential for the growth of this bacterium. When cyano-B12, which was used in this study because of its stability, was added to the cobalt-deficient medium, a slightly longer lag period was observed. This phenomenon might partly be due to some difficulty in the incorporation of cyano-B12 into the cells and partly due to that in the transformation from cyano-B12 into the active forms such as methyl-B12 and adenosyl-B12. In this regard, TAMAO et al. (18) reported that the transformation from cyano-B12 into adenosyl-B12 occurred with some difficulty in the cells of P. shermanii.
As mentioned above, P. ruber produces vitamin B12 in the forms of methyl-B12 and adenosyl-B12. This implies that there are at least two different vitamin B12 dependent enzyme systems in the cells of P. ruber. We have already demonstrated that methyl-B12 participates in methionine synthesis from homocysteine and N5 -methyltetrahydrofolate in the cells of P. ruber (3). In spite of the occurrence of B12 -dependent methionine synthetase, methionine had little effect on the growth, so far as examined. Although it is difficult to provide a definite explanation at the present stage of this study, one can speculate that if the absolute amount of cobalt, which is converted into vitamin B12 and required for methionine synthesis in P. ruber, is small, this bacterium would be able to synthesize methionine with a trace amount of cobalt ion remaining in the inoculum or in the purified medium. This interpretation might be supported by the result that the cells grown on succinate under cobalt deficient conditions had methionine synthetase activity corresponding to about 10% of that in the cells grown under cobalt-sufficient conditions (unpublished data). Further investigation is needed for any final conclusion.
On the other hand, adenosyl-B12 is well known to function as the coenzyme of methylmalonyl-CoA mutase in animal tissues and microorganisms such as P. shermanii. As the addition of succinate to the cobalt-deficient medium resulted in the sufficient stimulation of growth, we presumed the existence of methylmalonyl-CoA mutase in the cells of P. ruber. This presumption could be demonstrated from the results that the disappearance of methylmalonyl-CoA used as a reactant was dependent on the presence of adenosyl-B12 and that succinyl-CoA was detected as an enzymatic reaction product in the 14C-labeling experiment. This finding is of interest because of the first observation from methanol-utilizing bacteria. Additionally, this mutase system seems to play an important role in the metabolism of P. ruber because of its fairly specific activity. In this connection BARKER (7) reported that the specific activity of the mutase was in the range of 10 to 100 nmoles/min/mg of protein in P. shermanii, which is known as one of the best producers of this mutase.
The mutase activity could be detected in the cells of P. ruber, even when grown on non-C1 compounds as a sole carbon and energy source (Table 2) . Furthermore, an almost constant level of its specific activity was found irrespective of the bacterial growth phase. This observation is completely consistent with our previous result as to the variation in the forms of B12 compounds during growth; adenosyl-B12 was found throughout the cultivation period (3). On the basis of these facts, at least part of the adenosyl-B12 formed functions as a coenzyme of methylmalonyl-CoA mutase in P. ruber, and this enzyme system seems to play a fundamental role in the metabolism of this bacterium. However, there may be other adenosyl-B12 -dependent enzyme system(s) apart from methylmalonyl-CoA mutase in P. ruber because of the incomplete effect of succinate on growth. 
